Vane Jumping in Rotary Compressor by Bae, J. Y. et al.
Purdue University
Purdue e-Pubs
International Compressor Engineering Conference School of Mechanical Engineering
1998











Follow this and additional works at: https://docs.lib.purdue.edu/icec
This document has been made available through Purdue e-Pubs, a service of the Purdue University Libraries. Please contact epubs@purdue.edu for
additional information.
Complete proceedings may be acquired in print and on CD-ROM directly from the Ray W. Herrick Laboratories at https://engineering.purdue.edu/
Herrick/Events/orderlit.html
Bae, J. Y.; Kim, J. D.; Lee, B. C.; Noh, T. Y.; and Byun, S. M., "Vane Jumping in Rotary Compressor" (1998). International Compressor
Engineering Conference. Paper 1318.
https://docs.lib.purdue.edu/icec/1318
VANE JUMPING IN ROTARY COMPRESSOR 
Jeong~Yong Bae*, Jin-Dong Kim*, Byung-Chan Lee'* 
Tae-Young Noh**, Sang-Myung Byun** 
* Living System Laboratory, LG Electronics Inc., 
327-23, Gasan-Dong, Keumchun-Gu, Seoul, 153-23, Korea 
** ROaCOMP OBU, LG Electronics Inc., 
76, Sungsan-Dong, Changwon, Kyungsangnam-Do, 641-315, Korea 
ABSTRACT 
The vane jumping is the irregular contact between vane tip and roller outer wall under 
start-up operation. Also, it causes very loud noise under the condition. The previous studies 
estimate that the possibility of vane jumping from the ratio of vane inertia and vane spring forces. 
In this paper, the analytical method for vane jumping and its preventing techniques are introduced . 
The vane jumping is visualized by image process techniques, and irregular contact is analyzed by 
numerical approach. It is also revealed that the vane collide with the roller around bottom dead 
point. 
1. INTRODUCTION 
Sometimes, airconditioners generate very noisy sound under start-up operation. Loud 
sound continues for seconds or minutes until pressure difference between compression and 
suction chamber reaches limit value. We found that abnormal behavior of vane caused such loud 
sound. However, we could not explain the behavior of vane and roller and could not find the main 
source of noise whether impact noise caused by metallic contact between vane and roller or 
frictional noise caused by friction between vane and vane slot. In general, vane maintains contact 
between a vane tip and a roller wall under steady state operation . Since the back pressure is not 
sufficient to maintain contact under start-up operation, jumping phenomena occur, which cause 
loud impact noise. 
In order to know the key factor to prevent such phenomena, we analyze the 
behaviors of vane by simulating scheme and identify vane jumping phenomena by visualization 
techniques. 
2. THEORETICAL ANALYSIS OF VANE JUMPING 
Rotary compressor has roller which eccentrically rotates in cylinder inner space, 
reciprocating vane and spring which contacts with vane as shown in Fig.1. The locus of roller is the 
function of rotating angle (6), roller eccentricity (ec) and roller radius(Rr), as shown in following 
eq.(1). 
(1) 
The behaviors of vane, however, are somewhat complicated[1] as indicated in eq(2). There are 
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many external forces such as spring forces, frictional forces, con
tact forces and pressure forces, 
as shown in Fig. 2. 
m d ;;:nB + c d:;;ns + k!J.X = Fp + F, (2) 
, where m is vane mass. 
The frictional forces, which can be simplified as non·conservat
ive damping force, 
exist between vane side and cylinder slot. Damping coefficient C
 can be obtained by experiment. 
We select reasonable damping coefficient by comparing measu
rement and simulation of vane 
behaviors. 
L1x can be described as eq. (3) . 
, where k is spring constant, L1x is compressed length of spring
, xso is spring free length, Rsh is 
radius of compressor shell, hv is vane height, dv is the length of
 spring groove and xvane is the 
length between cylinder center and vane tip. 
The pressure force(Fp) becomes 
,where A is cross·sectional area of vane rear face, Pco is initial co
mpression pressure, Pd is 
discharge plenum pressure, Vc( 9) is compression volume and n is polytr
opic index. 
Fr is reaction force of roller. When vane is not contact with roller, this fo
rce is equal to 
0. To solve the behaviors of vane we use penalty method[2] wh
ich is effective to analyze these 
kind of contact system. In penalty method, If vane tip penetrates
 roller, wall contact spring which 
has very large spring constant (kc) prevents excessive penetration
 as shown in eq.(S). 
{
k 0 _ C dxvsns 
Fr = c c dt 
0 
X vane ~ X roQer 
Xvane >X roller 
(5) 
,where Cc is contact damping coefficient. Runge·Kutta Method is u
sed to solve eq. (2). 
Fig. 3 shows the results of eq.(2). The pressure difference between
 discharge plenum 
pressure(Pd) and suction pressure(Ps) is 0.3 Bar. Two curves a
re not same and non·contacting 
gaps exist. These non·contacting gaps, vane jumping, are maint
ained during 0° -220°. In Fig.4, 
the behaviors of vane and roller are plotted for ASHRAE condi
tion. There is no vane jumping 
phenomena in this figure. The sufficient back pressure maintains c
ontact of vane and roller. 
To improve the non·contact phenomena we calculate many sit
uations by varying 
some parameters such as spring constant k, spring free length xs and vane
 mass m as shown in 
Fig.5 - Fig.7. The influence of spring constant k is shown in Fig
.5. Though kis increased 50%, 
improvement of jumping is very small. Changing spring constant
 is not effective way to improve 
vane jumping phenomena. Fig.6 shows the behaviors of vane a
nd roller when the spring free 
length is increased(19% up). The gaps between two curves are m
uch closer than those of Fig.5. 
But changing spring free length is not sufficient way to prevent van
e jumping. Fig.7 shows the gaps 
between vane and roller as vane mass is decreased(50% down)
. Gaps are closer than those of 
previous two cases. The mass of vane is decreased by lowering 
vane density. From this results, 
we conclude that the influence of vane mass is the most import
ant in vane jumping. Fig.B is the 
simulation results of changing spring free length and vane mass s
imultaneously. There is no vane 
jumping phenomena in this case. 
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3. VISUALIZATION OF VANE JUMPING 
To verify the source of abnormal noise in start·up operation, vane behaviors were 
observed by visualization apparatus. Test apparatus has a sight glass through which we can see 
vane movement and gap between vane tip and roller wall. The sight glass was attached in sub 
bearing end wall as shown in Fig.9. Moving vane can be observed at the outside of compressor 
case. A stroboscope is synchronized with rotating speed of compressor (3340rpm), we take a 
photograph of the vane behaviors under the synchronized light of stroboscope. In order to see the 
moving vane position from bottom dead point to top dead point, the sight glass location and size 
are properly determined. 
Fig.1 0 shows moving vane behaviors. When loud noise occurs, vane jumping is 
observed. This noise disappears as pressure load is increased. When loud noise disappears, 
vane jumping vanishes. In case of vane jumping , vane tip starts to separate from roller wall at top 
dead point, this separation is maintained up to bottom dead point and then vane tip collides with 
roller wall near 220°. Loud noise is generated by this collision and the noise level is proportional 
to the length of gaps between vane tip and roller wall. 
Vane jumping is affected by operating environment, room temperature. Nlo vane 
jumping occurs at room temperature above 25° C. As room temperature gradually decreases, 
jumping noise increases. There is no impact noise and no jumping phenomena under ASHRAE 
condition (Pd = 21.89kgf, Ps = 6.37 kgf). These stable behaviors coincide with previous simulation 
results as shown in Fig.4. Vane jumping disappears as pressure difference is grater then 0.5 Bar. 
4. CONCLUSIONS 
Based on the results of both analytical and experimental studies presented in this 
paper, we know that; vane jumping occurs under abnormal condition such as low room 
temperature, low pressure difference(Pd • Ps). Vane jumping causes loud impact noise und1er start· 
up operation. Noise level is proportional to the length of jumping gaps. If we use light vane and 
long spring, jumping phenomena can be prevented. Vane jumping, however, causes l1eakage 
between suction chamber and discharge chamber and it delays the rise time to reach sufficient 
pressure difference between compressor case and suction chamber. In other words, vane jumping 
is coupled with pressure difference. However, we did not consider pressure change caused by 
leakage between suction chamber and compression chamber. Therefore, further studies, to find 
the influence of leakage, are necessary . 
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